Recent studies have demonstrated that fractional pulse pressure and fractional diastolic pressure are related to the risk of coronary artery disease. However, the effect of the ascending aortic pressure waveform on the risk of coronary artery disease in men and women analyzed separately has not been reported. The objective of the study was to assess the relation between ascending aortic blood pressure waveform and the presence of coronary artery disease in men and in women. The study group consisted of 447 patients (302 men and 145 women; mean age: 57.679.8 years) with preserved left ventricular function who were undergoing first diagnostic coronary angiography. After multivariate stepwise adjustments, the odds ratio (OR) and confidence interval (CI) of having coronary artery disease in women was (OR are reported for standard deviation increase in each variable): pulse pressure OR 1.61 (95% CI 1.06-2.46); fractional systolic pressure OR 1.72 (95% CI 1.08-2.71); fractional diastolic pressure OR 0.58 (95% CI 0.37-0.92); fractional pulse pressure OR 1.72 (95% CI 1.08-2.71); and pulsatility index OR 1.74 (95% CI 1.09-2.78). None of the studied variables was independently related to the presence of coronary artery disease in men. In conclusion, fractional systolic and diastolic pressure, pulse pressure, fractional pulse pressure and the ratio of pulse pressure to diastolic pressure may be independently related to the risk of coronary artery disease in women, but not in men.
Introduction
Ascending aortic pulse pressure (PP), fractional pulse pressure (FPP), fractional systolic pressure (FSP), and fractional diastolic pressure (FDP) were demonstrated to differentiate patients with coronary artery disease from those without significant lesions in coronary vessels. 1, 2 Moreover, FPP and FDP derived from intra-aortic measurements were shown to be independently related to the risk of coronary artery disease in patients undergoing diagnostic coronary angiography. 1, 2 FPP was also demonstrated to be related to the extent of coronary artery disease. 3 Another index derived from measurements in the ascending aorta, the ratio of PP to diastolic pressure (pulsatility index, PI), was successfully used to predict restenosis after percutaneous coronary angioplasty. 4 The effect of the ascending aortic pressure waveform on the risk of coronary artery disease in men and women analyzed separately has not been reported. No study so far has analyzed the relation between PI and the risk of coronary artery disease. Although FPP and FDP were shown to be independently related to the risk of coronary artery disease, 1,2 it is not known which of them is the better index. Therefore, the aim of the present study was to assess the relation between blood pressure indices derived from measurements in the ascending aorta and the presence of coronary artery disease in men and in women.
Methods

Study group
Consecutive patients hospitalized in our department, suspected for having coronary artery disease and undergoing first diagnostic coronary angiography were eligible for our study. We excluded from the analysis all patients with myocardial infarction in the medical history, those after previous percutaneous coronary angioplasty or coronary artery by-pass grafting, patients with impaired left ventricular function (defined as ejection fraction p50%), and those with haemodynamically significant valvular heart disease as assessed during catheterization or echocardiography. The institutional ethics committee approved the protocol of the study.
As age is a main factor determining aortic stiffness 5 and ejection fraction is correlated to stroke volume, and the latter is one of the basal determinants of pulse pressure, we also matched patients with and without coronary artery disease according to age and ejection fraction and performed the same analysis as we carried out with the whole groups.
The presence of Type II diabetes mellitus was defined as having a fasting blood glucose of 7.0 mmol/1 or more and/or the use of an antidiabetic drug. Hypercholesterolaemia was defined as having LDL cholesterol level X2.6 mmol/l and/or being prescribed a lipid-lowering drug. Participants were considered to have renal insufficiency if they had creatinine level X120 mmol/l.
Measurement of haemodynamic variables
Haemodynamic measurements were made with the patient in the supine position. Aortic pressure was measured using the fluid-filled system (6F pigtail catheter) at the ascending aorta. A hard copy was made of the pressure tracing using a chart recorder (Cathcor, Siemens) at a paper speed of 25 mm/s. We analyzed tracings of systolic (SBP) and diastolic pressures (DBP). In every case 5-7 beats were averaged.
The mean blood pressure (MBP) was calculated with the following formula: 1/3 systolic pressure þ 2/3 diastolic pressure. To quantify relative systolic, diastolic and pulse pressures, we normalized the systolic, diastolic, and pulse pressures to the MBP, and referred to these values as fractional systolic pressure (FSP), fractional diastolic pressure (FDP), and fractional pulse pressure (FPP). 1, 2, 4, 6 We also used the ratio of pulse pressure to diastolic pressure (PI) for another index of aortic stiffness. 4 
Measurement of angiographic variables
Cardiac catheterization was performed using a standard technique. The three major coronary vessels (the left anterior descending artery, the circumflex artery, and the right coronary artery) were considered to evaluate the extent of coronary atherosclerosis. Optimal views of the arteries from all technically suitable angiograms were analyzed. The guiding catheter was used as the reference dimension. The values for the minimal lumen diameter and the reference lumen diameter were assessed. A diseased artery was defined as having 450% stenosis in at least one of its segments.
Statistical analysis
All data were analyzed using the STATISTICA 5.5 software. Categorical variables are reported as percentages and continuous variables as means 7s.d. The Pearson's w 2 test was applied to all categorical variables. Normally distributed continuous variables were compared using Student's t-test. The Mann-Whitney U-test was used in case of variables without normal distributions. A two-tailed P value of less than 0.05 was considered to indicate statistical significance. A stepwise logistic regression analysis was performed to evaluate the independent effects of haemodynamic variables on the risk of having coronary artery disease starting with a model including all variables (age, sex, smoking, hypertension, hypercholesterolaemia, diabetes, body mass index, ejection fraction, mean brachial blood pressure, creatinine, glucose, total cholesterol, and triglycerides levels, beta-blockers, ACEinhibitors, calcium antagonists, diuretics, nitrates, statins and fibrates) to obtain a model in which all remaining variables had P values less than 0.05. In order to compare the indices with respect to their ability to differentiate patients with coronary artery disease from those without significant lesions in coronary vessels, we report the odds ratios for increase of standard deviation of each variable. Standard deviations were calculated separately for men and women.
Results
The study group consisted of 447 patients (302 men and 145 women; mean age: 57.679.8 years). Significant lesions (450%) in coronary arteries were shown during coronary angiography in 307 (68.7%) patients. Clinical characteristics and classic risk factors are shown in Table 1 . Although FSP, FDP, FPP, and PI differed significantly in men with coronary artery disease when compared to those without significant atherosclerosis in coronary vessels (Table 2) , they were not independently related to the presence of coronary artery disease (Table 3) . On the other hand, PP, FSP, FDP, FPP, and PI were significantly related to the presence of coronary artery disease in women. The results suggest that the risk of significant lesion in coronary artery is increased by 61, 72, 72, and 74% when ascending aortic PP, FSP, FPP, and PI were increased by their standard deviation, respectively. On the other hand an increase in FDP by its standard deviation was related to the decrease in the risk of having significant stenosis in coronary artery by 42%. As the value of FDP is related to a lower risk of coronary disease we also calculated the odds ratio for those having no coronary artery disease: the odds ratio (95% confidence interval) for standard deviation increase in FDP is 2.05 (1.38-3.04) in univariate analysis, and 1.72 (1.08-2.72) in multivariate analysis. The results suggest that FSP, FDP, and FPP have the same ability to discriminate women with coronary artery disease from those without significant lesions in coronary vessels.
We also matched men and women according to age and ejection fraction: 180 men and 120 women were included in this part of the study. We formed populations with no significant differences with respect to age or ejection fraction between patients with and without coronary artery disease. The results of the analysis (both univariate and multivariate) in these groups did not differ from the results described above.
Discussion
To our best knowledge, this is the first study showing the independent relation between the ascending aortic blood pressure waveform (measured invasively) and the presence of coronary artery disease in women. We also showed that the studied indices are not independently related to the risk of having significant stenosis in coronary arteries in men. FPP and FDP were shown to be independent predictors of coronary artery disease in patients undergoing diagnostic coronary angiography.
1,2 However, about 40% of the study populations were women. Indeed, when we combined men and women in our analysis, the above indices were independently related to the risk of coronary artery disease, although the odds ratios were substantially closer to 1.0 when compared with the results of the analysis limited only to women. It was shown using Aortic blood pressure waveform and CAD P Jankowski et al noninvasive methods that women develop a higher degree of pulsatility with ageing, as compared with men. 5 The unfavourable effects of a lack of estrogen due to menopause was suggested to be involved in a greater age-related increase in proximal aortic stiffness in women when compared with men. 7 This is in concordance with our results as the mean age of women in our study was 59.679.7 years. Our results are also in concordance with the study performed in healthy, normotensive subjects by Hayward and Kelly, 8 who showed noninvasively that females differ significantly from males in central arterial pressure waveform.
It is possible that the ascending aortic blood pressure waveform is related to the coronary artery disease also in men, but the relationship is much weaker compared to women and the present study group was too small to detect this slight relationship. Even if this is the case, this weak association would be of rather no importance in everyday clinical practice. Weber et al showed that coronary atherosclerosis is related to stiffness index in men up to 60 years of age. 9 They did not find such an association in older men. Importantly, they did not study female subjects. It should also be noted that their results should not be directly compared with our results because they used noninvasive applanation tonometry of the radial artery to assess aortic pressure waveform. Some authors have doubts concerning the reliability of the transfer function as well as the calibration with arm/cuff pressure used in generating the corresponding ascending aortic pressure waveform. 10, 11 Moreover, Weber et al assessed the relation between coronary atherosclerosis and augmentation index and the latter is not equal to our measures (FPP, FSP, etc). The correlation between augmentation index and FPP, although significant, is not very high. 12 We performed separate analysis in patients with and without coronary artery disease, matched according to age and ejection fraction. Therefore, we were able to study the relation between ascending aortic blood pressure waveform and the presence of coronary artery disease in consecutive subjects admitted to our department as well as in groups selected according to age and ejection fraction. We found no significant relation between ascending aortic pressure waveform and coronary atherosclerosis in men in spite of the similar difference in age between males with and without coronary artery disease. We also did not observe any significant effects on odds ratios after including beta-blockers into the multivariable analysis, suggesting that these agents are not involved in the appearance of the difference in the outcome measures. Systolic blood pressure was higher in women with than without CAD. However, systolic blood pressure was not an independent predictor of coronary artery disease in the multivariable analysis.
In the present study, the coronary artery disease was defined as at least one stenosis X50% in the coronary tree. Although some extent scores (eg Gensini score) are believed to be better indicators of coronary atherosclerosis, it was shown that angiographic severity of coronary narrowing may be considered as a surrogate marker for the extent of coronary atherosclerosis. 13 All previous studies on the relation between coronary atherosclerosis and aortic pulse pressure waveform (as assessed invasively) used the same definition of coronary artery disease. [1] [2] [3] 14 Although at least two studies have reported the relation between ascending aortic blood pressure waveform and the risk of coronary artery disease 1, 2 and even more have analyzed the restenosisascending aortic blood pressure waveform relationship, 4, 6, 15, 16 no study so far has compared the indices derived from ascending aortic blood pressure measurements with respect to their ability to differentiate patients with or without coronary artery disease or patients with or without restenosis. Our results suggest that FSP, FDP, FPP, and PI may be better predictors of coronary artery disease in patients undergoing coronary angiography with preserved left ventricular function when compared to PP. Moreover, we demonstrated that among them FSP, FDP, and FPP have equal value and can replace each other, whereas PI may have a slightly greater value.
Pulse pressure varies throughout the arterial tree due to wave reflection and differences in vessel stiffness. Peripheral PP does not always predict 17 It has been emphasized that the inability of brachial BP to reflect accurately aortic BP and its change by treatment has important clinical implications. 18 However, there is no proof that PP is directly linked to the progression of coronary atherosclerosis. On the other hand, it is known that atherosclerosis is connected with arterial wall stiffness and the latter is one of the basal determinants of pulse pressure. Further researches are needed to explain in detail the pulse pressurecoronary atherosclerosis relation. It was shown that pulsatile blood pressure component, rather then blood pressure per se, is associated with increased risk of fatal cardio-vascular events in hypertensive patients. 19 There is growing evidence that analysis of the ascending aortic blood pressure waveform may provide useful information in patients undergoing catheterization and coronary angioplasty. [1] [2] [3] [4] 6, 12, [14] [15] [16] In recent years, great progress has been made in predicting blood pressure in the ascending aorta by pulse wave analysis. 20 Although still there are some doubts concerning the reliability of the transfer function as well as the calibration with arm/cuff oscillometric pressures, 10, 11 it seems that noninvasive estimation of ascending aortic blood pressure waveform, after further validations, might be useful in qualification for coronary angiography of patients suspected to have coronary artery disease.
Study limitations
There are several limitations to this study. First, although we analyzed a larger patient group when compared to the previous reports, 1, 2 it is still a limited number. Second, we used a fluid-filled system to record the ascending aortic pressure. The use of a high-fidelity pressure transducer would increase the accuracy of the recorded pressure waveform. Third, most participants of the study were prescribed cardiovascular drugs; some of these agents were shown to interfere with central systolic blood pressure augmentation. 21 However, a majority of patients considered to undergo coronary angiography in routine practice are taking cardiovascular drugs (eg nitrates, b-blockers, etc.). So our results are likely to be introducible into everyday practice.
Conclusions
Pulse pressure, fractional pulse pressure, fractional systolic pressure, and diastolic pressure and the ratio of pulse pressure to diastolic pressure are independently related to the risk of coronary artery disease in women. No such relation was found in men.
